Abstract. Understanding player distributions, sessions, and movements in a Massively Multiplayer Online Role-Playing Game (MMORPG) is essential for research in scalable architectures for these systems. We present the first detailed measurement study and the first models of the virtual populations in two popular MMORPGs, World of Warcraft TM and Warhammer Online TM . Our results show that while these two types of MMORPGs are significantly different in play style, the features of their virtual populations can be modeled similarly, allowing future researchers to accurately simulate these types of games.
Introduction
Measuring and modeling player distributions, session lengths, and player movements in a virtual world are essential to research in architectures for massively multiplayer online games (MMOs). Accurate models based on empirical evidence significantly strengthens researchers' arguements that one particular architecture is better than another. While prior measurement research has been done on MMOs, it has primarily focused on traffic modeling and characterization. Though traffic measurement is important and useful for research in MMOs, an understanding of how players move around and populate the virtual world allows one to explore architectures that take advantage of this information and analyze those that do not.
Our research addresses this issue. We provide the first set of measurement-based models for population distributions and movements within two different massively multiplayer online role-playing games (MMORPGs) that can be used for simulation and analysis of new architectures. MMORPGs are a subset of all possible MMOs, and while other types of MMOs are possible (for example, one based on real-time strategy rules), to date MMORPGs have been the most commercially successful.
The ultimate goal of our research is to design a realistic and empirically-based simulation model from measurements taken from current, commercial MMORPGs. To achieve this, we have measured overall populations, session lengths, player distributions, and player movements over several months on two MMORPGs: World of Warcraft TM and Warhammer Online TM , both which are classified as MMORPGs but have significantly different play styles. We measured these two games in order to test our hypothesis that regardless of the style of play in the game, players' behavior could be modeled using a unified set of functions. We find our hypothesis to be correct. While both games have significantly different play styles, the resulting models are quite similar and would allow a researcher or game designer to simply change a few parameters in order to simulate various scenarios. While the models we generated may not translate to all types of MMOs, these two representative games have provided excellent models for future research and simulations.
Related Work
Over the last several years, a significant number of measurement studies have been performed on MMOs, though most of these have focused on traffic patterns and network characteristcs. Chambers et al. studied network patterns related to players and the server of small networked multiplayer games [1] . Similar to our data, their measurements also show diurnal patterns of game populations. Kim et al. measured network patterns on Lineage II, a popular MMO in Korea [2] . Their work focused on network packet sizes, RTTs, session times and inter-session arrival times. The data they recorded shows a similar power-law distribution for session times as the times that we have observed. Ye et al. Beyond network traffic measurement, some research has looked at traffic patterns, session lengths, and latency when measured with respect to players and user behaviors. Tarng et al. performed a long term study of WoW in order to see if it was possible to model subscription lengths of players based on how much a user plays an MMO [6] . They showed that while it is possible to predict short term behavior, long term prediction is much more difficult. Claypool and Claypool characterized latency requirements of various online games in terms of the deadline in which a user command must be processed and the precision of the commands the user is issuing [7] . Traffic patterns and session lengths of WoW were profiled with respect to different player action categories by Suznjevic et al. [8] . They hypothesized that mobile devices could be used for some of the less traffic intensive player activities. While all of the related work provides important contributions towards modeling MMOs, especially in terms of traffic behavior, our work is the first to provide details of the virtual world, its population distributions, and player movements. Note that our preliminary results were published in [11] , but these results only show initial measurements of World of Warcraft over a smaller data set without any modeling. In this paper, we examine a much larger and complete data set of two MMORPGS, we create models for simulation and analysis, and we show the similarity between both MMORPGs even though their play style differs significantly.
